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CAPACITIVE-LOAD DRIVING CIRCUIT CAPABLE OF PROPERLY 
HANDLING TEMPERATURE RISE AND PLASMA DISPLAY 
APPARATUS USING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a capacitive- 
load driving circuit and a plasma display apparatus using 
the same, and more particularly, to a circuit technique 
capable of properly handling the temperature rise 
occurring due to the driving of capacitive loads in a 
plasma display panel, an electronic luminescence panel, 
and the like, 

2. Description of the Related Art 

Recently, a variety of display apparatuses have 
been researched and developed, and the research and 
development of thin flat display apparatuses, exemplified 
by plasma display panels (PDP) and electronic 
luminescence (EL) panels, has been proceeding. Among 
them, the PDP, with its ability to achieve a large- 
screen, fast-response display and its improved display 
quality, has been attracting attention as a display 
apparatus that has the potential of replacing the 
traditional CRT. 

The PDPs are largely classified as AC or DC. 
The DC PDPs have the characteristic that the matrix 
discharge electrodes are exposed in each discharge cell 
and the electric field control of the discharge space in 
the cell is easy. On the other hand, the AC PDPs have 
the characteristic that the matrix discharge electrodes 
are covered with a dielectric layer, which reduces 
electrode degradation due to discharge and achieves a 
longer life. Further, a three-electrode panel 
construction (three-electrode surface-discharge AC-type 
PDP), in which a front plate with X electrodes and Y 
electrodes formed thereon in the horizontal line 
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direction and a back panel with address electrodes in the 
vertical column direction are simply laminated together 
one on top of the other, has been commercially 
implemented, facilitating the construction of a higher- 
5 resolution display. 

Incidentally, in a prior art technique for 
achieving power reduction in a pulsed capacitive-load 
driving circuit, it is known to provide a power recovery 
circuit that utilizes a phenomenon of resonance for 
10 energy transfer between load capacitance and inductance. 
One specific example of the power recovery technique 
suitable for a driving circuit where the load capacitance 
S varies greatly for driving each individual load electrode 

yS by a mutually independent voltage in accordance with 

^ 15 display image, as in an address electrode driving 
U circuit, is the low power driving circuit disclosed in 

Japanese Unexamined Patent Publication (Kokai) No. 05- 
249916. 

The prior art capacitive-load driving circuit 
Pi1 2 0 recovers power by utilizing a phenomenon of resonance, 

M 8 but with the recent trend toward higher-resolution and 

*l larger-screen plasma display panels, the power 

consumption reduction design has been losing its 
effectiveness significantly. Specifically, when the 
25 output frequency of the driving circuit is increased to 
increase the resolution of the panel, it becomes 
necessary to reduce the resonance time in order to 
maintain the control performance of the panel. If the 
power consumption of the driving circuit cannot be 
30 reduced sufficiently, the cost involved in removing heat 
from various parts of the display, and therefore, the 
component cost, increases, and besides, this could lead 
to a situation where the display brightness is reduced 
due to the limit of the heat dissipation capability of 
35 the display apparatus itself, or where the advantage of 
the flat panel display, i.e., thin and light-weight 
construction, cannot be exploited to the full. 
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Furthermore, as the output frequency of the 
driving circuit increases, power consumption increases 
due to the generation of high-voltage pulses to drive the 
plasma display panel, and a temperature rise in the 
5 driving circuit (drive IC) becomes a serious concern. 

The prior art and the problems associated with 
the prior art will be described in detail later with 
reference to accompanying drawings. 
SUMMARY OF THE INVENTION 
10 An object of the present invention is to provide a 

capacitive-load driving circuit capable of distributing a 
temperature rise (power consumption) in a circuit that 
drives a capacitive load. Another object of the 
invention is to provide a plasma display apparatus that 
15 uses such a capacitive-load driving circuit. 
M According to the present invention, there is 

provided a capacitive-load driving circuit including a 
s configuration in which a driving power supply source is 

jjf connected to an output terminal via a driving device, 

51 2 0 comprising a power distributing circuit inserted between 

H= the driving power supply source and the driving device. 

[7 According to the present invention, there is also 

provided a capacitive-load driving circuit including a 
configuration in which a reference potential point is 
25 connected to an output terminal via a driving device, 

comprising a power distributing circuit inserted between 
the reference potential point and the driving device. 

The power distributing circuit may be a resistive 
element having an impedance whose value is not smaller 
30 than one-tenth of the value of a resistive component of 
the conducting impedance of the driving device. The 
power distributing circuit may be a high-power resistor 
having a capability to handle power higher than the 
allowable power of the driving device. The power 
35 distributing circuit may be a constant-current source. 

The driving power supply source may output a 
plurality of different voltage levels in a selective 
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manner. The power distributing circuit may include a 
plurality of power distributing units, one for each of 
the plurality of different voltage levels. Each of the 
power distributing units may have a function as a switch 
5 for selecting one of the plurality of different voltage 

levels. The driving device may be a device whose input 
withstand voltage is higher than an output voltage. 

Further, according to the present invention, there 
is provided a capacitive-load driving circuit including a 
10 configuration in which a plurality of driving devices for 

driving a plurality of capacitive loads are formed in 
integrated-circuit form, wherein each of the driving 

D 

devices is connected to a driving power supply source or 



yy a reference potential point via a power distributing 

M 

£T 15 circuit. 

M The capacitive-load driving circuit may further 

£: comprise a diode inserted between each of the capacitive 

a loads and a corresponding one of the driving devices, 

jjf Each of the power distributing circuits may be a 

2 0 resistive element having an impedance whose value is not 
smaller than one-tenth of the conducting impedance of the 

r7 driving device divided by the number of driving devices 

pis: 

connected to the power distributing circuit. Each of the 
power distributing circuits may be a high-power resistor 

25 having a capability to handle power higher than the 

allowable power of the driving device. Each of the power 
distributing circuits may be a constant-current source. 

The driving power supply source may output a 
plurality of different voltage levels in a selective 

30 manner. The power distributing circuit may include a 
plurality of power distributing units, one for each of 
the plurality of different voltage levels. Each of the 
power distributing units may have a function as a switch 
for selecting one of the plurality of different voltage 

35 levels. The driving device may be a device whose input 

withstand voltage is higher than an output voltage. 

A ground terminal of each of the integrated driving 
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devices may be connected to the driving power supply 
source via the power distributing circuit. A ground 
terminal of each of the integrated driving devices may be 
connected to the reference potential point via the power 
5 distributing circuit. A series connection of each of the 
power distributing circuit and a switch device may be 
provided between each of the driving devices and the 
driving power supply source or the reference potential 
point . 

10 The capacitive-load driving circuit may be 

constructed as a driving module containing a plurality of 
driving integrated circuits for driving the capacitive 
%t loads. Each of the driving integrated circuits may 

l|3 comprise a high-voltage output device whose input 

hi 

, : 15 withstand voltage is increased up to a driving power 
\*h supply voltage, and a flip-flop that drives a control 

input of the output device to a full-swing level either 

yl 

s at the driving power supply voltage or at the reference 

O potential. Each of the driving integrated circuits may 

S3 

ri% 20 include a buffer driven by a logic voltage, and wherein 

M an output of the buffer may be connected to an input 

terminal of the each driving device, and the power 
distributing circuit to an inverting input terminal of 
the each driving device, thereby applying self -biasing to 

25 the driving device by a voltage drop occurring across the 

power distributing circuit. The capacitive-load driving 
circuit may further comprise a switch device inserted 
between the power distributing circuit and the driving 
power supply source or the reference potential point, and 

30 the switch being caused to conduct after the driving 
devices have been switched into a conducting state. 

According to the present invention, there is 
provided a capacitive-load driving circuit including a 
configuration in which a driving power supply source is 

35 connected to an output terminal via a driving device, 
wherein the driving power supply source outputs a 
plurality of different voltage levels in a selective 




- 6 - 



manner . 

The driving power supply source may raise or lower 
an output voltage in steps by switching the output 
voltage between the plurality of voltage levels within a 
5 drive voltage amplitude, while retaining the ON/OFF 
states of the driving device. 

According to the present invention, there is also 
provided a capacitive-load driving circuit for driving a 
capacitive load, connected to an output terminal, by a 
10 driving device, comprising a resistive impedance inserted 
in series to the output terminal. 

The resistive impedance may provide an impedance 
whose value is not smaller than one-tenth of the value of 
a resistive component of the conducting impedance of at 
15 least one of the driving devices. The resistive 

P impedance may be a distributed resistor showing a 

8} resistance value not smaller than three-tenths of the 

value of a resistive component of the conducting 

D impedance of at least one of the driving devices. The 

^ . . ... 

2 0 capacitive-load driving circuit may further comprise a 

M driving power supply source connected to the output 

!*- terminal via the driving device, and a power distributing 

circuit inserted between the driving power supply source 

and the driving device. 

25 Furthermore, according to the present invention, 

there is also provided a plasma display apparatus 
including a capacitive-load driving circuit used as an 
electrode driving circuit. 

The capacitive-load driving circuit may be used as a 

30 driving circuit for driving address electrodes. The 
plasma display apparatus may be a three-electrode 
surface-discharge AC plasma display apparatus in which 
the address electrodes are formed on a first substrate 
and X and Y electrodes are formed on a second substrate; 

35 and thickness of a conductive layer of each of the 

address electrodes may be reduced to one half or less of 
the thickness of a conductive layer formed from the same 
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material as the conductive layer of each of the X and Y 
electrodes. The plasma display apparatus may be a three- 
electrode surface-discharge AC plasma display apparatus 
in which the address electrodes are formed on a first 
5 substrate and X and Y electrodes are formed on a second 
substrate; and each of the address electrodes may be 
formed from a plurality of conductive metal layers, and 
an arbitrary one of the conductive metal layers is 
omitted. 

10 In addition, according to the present invention, 

there is also provided an inductance-load driving circuit 
for driving an inductive load, connected to an output 
^ terminal, by a driving device, wherein a resistive 

ip impedance is inserted in series to the output terminal. 

rz 15 The resistive impedance may provide an impedance 

.fat whose value is not smaller than one-tenth of the value of 

a resistive component of the conducting impedance of at 
s least one of the driving devices. 

Q BRIEF DESCRIPTION OF THE DRAWINGS 

«§ 2 0 The present invention will be more clearly 

M understood from the description of the preferred 

rf embodiments as set forth below with reference to the 

accompanying drawings, wherein: 

Fig. 1 is a block diagram schematically showing the 
25 entire configuration of a plasma display apparatus; 

Fig. 2 is a block diagram showing an example of a 
prior art driving circuit for a plasma display apparatus; 

Fig. 3 is a block diagram showing the basic 
functional configuration of a capacitive-load driving 
30 circuit according to the present invention; 

Fig. 4 is a block diagram showing a first embodiment 
of the capacitive-load driving circuit according to the 
present invention ; 

Fig. 5 is a block diagram showing a second 
35 embodiment of the capacitive-load driving circuit 
according to the present invention; 

Fig. 6 is a circuit diagram showing an example of a 
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constant-current source in the capacitive-load driving 
circuit shown in Fig. 5; 

Fig. 7 is a block diagram showing a third embodiment 
of the capacitive-load driving circuit according to the 
5 present invention; 

Fig. 8 is a diagram for explaining the operation of 
a driving power supply source in the third embodiment 
shown in Fig. 7; 

Fig. 9 is a block diagram showing a fourth 
10 embodiment of the capacitive-load driving circuit 
according to the present invention; 

Fig. 10 is a block diagram showing a fifth 
embodiment of the capacitive-load driving circuit 
according to the present invention; 
f*. 15 Fig. 11 is a block diagram showing a sixth 

Uk embodiment of the capacitive-load driving circuit 

^ according to the present invention; 

* Fig. 12 is a block diagram showing a seventh 

embodiment of the capacitive-load driving circuit 
2 0 according to the present invention; 

Fig. 13 is a block diagram showing an eighth 
embodiment of the capacitive-load driving circuit 
according to the present invention; 

Fig. 14 is a circuit diagram of a totem-pole type 
2 5 address drive IC as a ninth embodiment of the capacitive- 
load driving circuit according to the present invention; 

Fig. 15 is a circuit diagram of a CMOS-type address 
drive IC as a 10th embodiment of the capacitive-load 
driving circuit according to the present invention; 
30 Fig. 16 is a block diagram showing an 11th 

embodiment of the capacitive-load driving circuit 
according to the present invention; 

Fig. .17 is a block circuit diagram showing an 
example of an integrated circuit forming a driver module 
35 as a 12th embodiment of the capacitive-load driving 
circuit according to the present invention; 

Fig. 18 is a block circuit diagram showing another 



example of an integrated circuit forming a driver module 
according to a 13th embodiment of the capacitive-load 
driving circuit according to the present invention; 

Fig. 19 is a block circuit diagram showing still 
another example of an integrated circuit forming a driver 
module according to a 14th embodiment of the capacitive- 
load driving circuit according to the present invention; 

Fig. 20 is a block diagram schematically showing a 
three-electrode surface-discharge AC plasma display 
panel ; 

Fig. 21 is a cross-sectional view for explaining the 
electrode structure in the plasma display panel shown in 
Fig. 20; 

Fig. 22 is a block diagram showing the entire 
configuration of a plasma display apparatus using the 
plasma display panel shown in Fig. 20; 

Fig. 2 3 is a diagram showing examples of drive 
waveforms for the plasma display apparatus shown in Fig. 
22; 

Fig. 24 is a block circuit diagram showing an 
example of an IC used in the plasma display apparatus 
shown in Fig. 22; 

Fig. 2 5 is a block diagram showing a 15th embodiment 
of the capacitive-load driving circuit according to the 
present invention ; 

Fig. 2 6 is a block diagram showing a 16th embodiment 
of the capacitive-load driving circuit according to the 
present invention ; 

Fig. 2 7 is a circuit diagram of a CMOS-type address 
drive IC as a 17th embodiment of the capacitive-load 
driving circuit according to the present invention; 

Fig. 28A and Fig. 28B are cross-sectional views each 
showing an address electrode in a plasma display panel to 
which the capacitive-load driving circuit according to 
the present invention is applied; and 

Fig. 29 is a block diagram showing an 18th 
embodiment of the capacitive-load driving circuit 
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according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Before proceeding to the detailed description of the 
preferred embodiments of the invention, problems 
5 associated with a prior art capacitive-load driving 

circuit and a plasma display apparatus using the same 
will be described first. 

Figure 1 is a block diagram schematically showing 
the entire configuration of the plasma display apparatus. 
10 In Figure 1, reference numeral 101 is a display panel, 
102 is an anode (address) diving circuit, 103 is a 
cathode (Y) driving circuit, 104 is a sub-anode driving 
circuit, 105 is a control circuit, 106 is an X driving 
circuit, and 107 is a discharge cell. 

The following description deals primarily with the 
address driviryg circuit (address drive IC) of the plasma 
display apparatus, but it will be recognized that the 
01 capacitive-lcpd driving circuit of the invention can be 

JU applied not ®nly for the address driving circuit of the 

few? ■ 

S3 2 0 plasma disp]Jay apparatus, but also for other circuits for 
driving thelcapacitive loads (discharge cells), such as 
the X driviiig circuit and the Y driving circuit; 
furthermore, the circuit technique of the invention can 
be appliecw extensively to circuits for driving various 
25 capacitiv© loads other than those in the plasma display 
apparatudj for example, to circuits for driving logic 
gates fo/med from MOS transistors (the gate of each 
transistpr to be driven can be considered a capacitor, 
with which a capacitor or the like, parasitic on an 
30 interconnection, etc., is combined to form a capacitive 
load) ,| 

The configuration shown in Figure 1 is depicted so 
as to be applicable to both an AC plasma display 
apparatus and a DC plasma display apparatus; the anode 
35 driving circuit 102, cathode driving circuit 103, and 
sub-anode driving circuit 104 are for the DC plasma 
display apparatus, and the address driving circuit 102, 
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Y-electrode driving circuit 103, and X-electrode driving 
circuit 106 are for the AC plasma display apparatus. The 
display panel 101 and control circuit 105 are shown for 
both AC and DC plasma display apparatuses. 
5 More specifically, the display panel (plasma display 

panel: PDP) 101 is largely classified as AC or DC. The 
DC PDP has the characteristic that the matrix discharge 
electrodes are exposed in each discharge cell 107 and the 
electric field control of the discharge space in the cell 
10 is easy. Furthermore, in the case of the DC PDP, since 

the electrode polarities are limited to the anode Al-Ad 
and the cathode Kl-KL, it is easy to optimize the 
B discharge glow state and, by also utilizing a technique 

that produces a preliminary discharge using a sub-anode 
yj 15 electrode SAl-SA(d/2), etc. shared between adjacent anode 
^ electrodes, the main discharge voltage to be applied 

31 between the anode and cathode to produce a display can be 

y - reduced and, in addition, the display can be made faster. 

s 

p The driving section comprises, as described above, three 

8=^ 20 driving circuits, i.e., the anode driving circuit 102, 

cathode driving circuit 103, and sub-anode driving 
D circuit 104, and the control circuit 105 for controlling 

these driving circuits. 

On the other hand, the AC PDP has the characteristic 
2 5 that the matrix discharge electrodes are covered with a 

dielectric layer, which reduces electrode degradation due 
to discharge and achieves a longer life. Furthermore, a 
three-electrode panel construction (three-electrode 
surface-discharge AC PDP), in which a front plate with X 
30 electrodes and Y electrodes formed thereon in the 

horizontal line direction and a back panel with address 
electrodes in the vertical column direction are simply 
laminated together one on top of the other, has been 
commercially implemented, facilitating the construction 
35 of a higher-resolution display. The driving section 

comprises, as described above, three driving circuits, 
i.e., the address driving circuit 102 for selecting a 



display cell in the column direction according to the 
video data, the Y driving circuit 103 for selectively 
scanning each line, and the X driving circuit 106 for 
applying main display sustain pulses simultaneously to 
5 all the lines, and the control circuit 105 for 

controlling these driving circuits* 

Here, the drive terminals of all the electrodes, 
except the dummy electrodes at the panel edge, are DC 
isolated from circuit ground, and capacitive impedance is 
10 dominant as the load for each driving circuit. 

In a prior art technique for achieving power 
reduction in a pulsed capacitive-load driving circuit, it 
□ is known to provide a power recovery circuit that 

^ utilizes a phenomenon of resonance for energy transfer 

uj 15 between load capacitance and inductance. One specific 
example of the power recovery technique suitable for a 
ni driving circuit where the load capacitance varies greatly 

9 1 for driving each individual load electrode by a mutually 

p independent voltage in accordance with display image, as 

S3 2 0 in an address electrode driving circuit, is the low power 
[7 driving circuit disclosed in Japanese Unexamined Patent 

D Publication (Kokai) No. 05-249916. 

*** Figure 2 is a block diagram showing one example of 

the prior art driving circuit for a plasma display 

25 apparatus. The low power driving circuit disclosed in 

Japanese Unexamined Patent Publication No. 05-249916 is 
shown here. In Figure 2, reference numeral 110 is a 
power recovery circuit, 111 is an output terminal of the 
power recovery circuit, 120 is an address driving circuit 

30 (address drive IC), 121 is a power supply terminal of the 

address drive IC, 122 is an output circuit internal to 
the drive IC 120, and 123 is an output terminal of the 
address drive IC. Reference character CL indicates a 
load capacitance consisting of a discharge cell, 

35 interconnect capacitance, etc. 

In the prior art capacitive-load driving circuit 
shown in Figure 2 , power consumption is reduced by 



driving the power supply terminal 121 of the address 
drive IC 120 using the power recovery circuit 110 that 
contains a resonance inductance. The power recovery 
circuit 110 normally outputs a constant address driving 
voltage when producing an address discharge on an address 
electrode in the plasma display panel, and reduces the 
voltage at the power supply terminal 121 to ground level 
before the switching state of the output circuit 122 
internal to the address drive IC changes. At this time, 
resonance occurs between the resonance inductance within 
the power recovery circuit 110 and the combined load 
capacitance (for example, maximum nx CL) of an arbitrary 
number (for example, maximum n) of address electrodes 
driven to the high level, and this works to greatly 
reduce the power consumption of the output device in the 
output circuit 122 internal to the address drive IC. 

In the prior art capacitive-load driving circuit 
where the supply voltage to the address drive IC is set 
to a constant level, power equal to the amount of change 
in the stored energy in the load capacitor CL before and 
after switching a discharge cell is all consumed in the 
resistive impedance section of the charge/discharge 
current path; when the power recovery circuit 110 is 
used, the amount of potential energy stored in the load 
capacitor, relative to the intermediate potential of the 
address driving voltage that serves as the resonance 
center of the output voltage, is maintained through the 
resonance inductance within the recovery circuit. Then, 
while the supply voltage is held at ground, the switching 
state of the output circuit 122 is changed, and after 
that, the supply voltage to the address drive IC is again 
raised to the normal constant driving voltage through the 
resonance, thereby achieving savings in power 
consumption . 

The prior art capacitive-load driving circuit shown 
in Figure 2 recovers power by utilizing a phenomenon of 
resonance, as described above, but with the recent trend 
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toward higher-resolution and larger-screen plasma display 
panels, the power consumption reduction design has been 
losing its effectiveness significantly. That is, when 
the output frequency of the driving circuit is increased 
5 to increase the resolution of the panel, it becomes 
necessary to reduce the resonance time in order to 
maintain the control performance of the panel. To 
achieve this, the resonance inductance provided in the 
power recovery circuit 110 must be reduced in value, and 
10 as the Q of the resonance is reduced, the power 

consumption reducing effect degrades. Furthermore, as 
the panel screen size increases, parasitic capacitance on 
q address electrodes also increases, and here also, the 

^2 resonance inductance must be reduced in value in order to 

q] 15 suppress an increase in resonance time, as a result of 
UJ which the power consumption reducing effect degrades. 

! m If the power consumption of the driving circuit 

01 cannot be reduced sufficiently, the cost involved in 

jU removing heat from various parts of the display, and 

33 2 0 hence the component cost, increases, and besides, this 
;*f could lead to a situation where the display brightness is 

q reduced due to the limit of the heat dissipation 

M= capability of the display apparatus itself, or where the 

advantage of the flat panel display, i.e., thin and 
25 light-weight construction, cannot be exploited to the 

full. 

Furthermore, as the output frequency of the driving 
circuit increases, power consumption increases due to the 
generation of high-voltage pulses to drive the plasma 

30 display panel, and temperature rise in the driving 
circuit (drive IC) becomes a serious concern. 

Next, before describing the embodiments of the 
capacitive-load driving circuit and plasma display 
apparatus according to the present invention, the 

35 principle of the present invention will be described 
below. 

Figure 3 is a block diagram showing the basic 
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functional configuration of the capacitive-load driving 
circuit of the present invention. In Figure 3, reference 
numeral 1 is a driving power supply source, 2 is a power 
distributing means, 3 is a capacitive-load driving 
circuit (address drive IC), 4 is a reference potential 
point (ground point), 5 is a capacitive load (load 
capacitance), 6 and 7 are driving devices, 8 and 9 are a 
power supply terminal and a ground terminal (reference 
potential terminal), respectively, of the address drive 
IC, and 10 is an output terminal of the address drive IC* 

As shown in Figure 3, the drive current for driving 
the load capacitor 5 flows from the driving power supply 
source 1 to the load capacitance 5 through the power 
distributing means 2 and the driving device 6. The power 
consumed at this time is distributed in accordance with 
the ratio of the resistive impedances of the power 
distributing means 2 and the driving device 6. This 
power reducing effect does not degrade if the value of 
the load capacitance 5 or the driving speed (driving 
frequency) is increased, unlike the case of the prior art 
power recovery method of Figure 2 that utilizes a 
phenomenon of resonance. 

In this\way, according to the present invention, the 
power consumed in the address drive IC (capacitive-load 
driving circixlt) can be reduced. That is, though the 
power consumption as a whole remains the same, a portion 
of the power that would have been consumed in the address 
drive IC 3 in Ithe prior art is consumed by the power 
distributing means 2; this construction serves to 
simplify the hlat sinking structure of the address drive 
IC 3, and achieves a reduction in circuit cost. 

A flat panel display apparatus, in particular, a 
plasma display apparatus whose trend is toward a larger- 
screen and higher-resolution display and whose drive 
voltage is high, requires the use of many large load 
capacitors and many display panel driving circuits 
operating at high driving speed; therefore, when the 
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capacitive-load driving circuit of the present invention 
is applied to such display apparatus, not only can the 
cost involved in removing heat be reduced significantly, 
but high-voltage LSIs can be mounted in a very limited 
space • 

The use of the capacitive-load driving circuit of 
the present invention offers an enormous advantage for a 
plasma display apparatus in which many capacitive loads 
(discharge cells, etc.) are driven using high-voltage 
pulses, but the invention is not specifically limited to 
the plasma display apparatus, but can be applied 
extensively to circuits for driving various types of 
capacitive loads. 

The preferred embodiments of the capacitive-load 
driving circuit and plasma display apparatus according to 
the present invention will be described in detail below 
with reference to the accompanying drawings. 

Figure i is a block diagram showing a first 
embodiment ofe the capacitive-load driving circuit 
according tea the present invention. In Figure 4, 
reference mineral 1 is a driving power supply source, 21 
is a power distributing means, 3 is an address drive IC, 
4 is a reference potential point (ground point), 5 is a 
load capacitor, 6 and 7 are driving devices, 8 and 9 are 
a power supply terminal and a reference potential 
terminal (Jround terminal), respectively, of the address 
drive IC, and 10 is an output terminal of the address 
drive IC. | 

As shtown in Figure 4, in the first embodiment, the 
power distmbuting means 21 is inserted between the 
driving powfer supply source 1 and the high-level voltage 
supply termJmal 8 of the address drive IC 3; this power 
distributingXmeans is constructed as a resistive 
impedance (re\istive element) 21 whose value is higher 
than about on^tenth of the resistive impedance that the 
driving device \& provides at the time of conduction (the 
resistive component of the conducting impedance). 
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According to the first embodiment, the power consumption 
of the driving circuit 3 can be reduced by distributing 
to the resistive element 21 about one-tenth or more of 
the power consumed in the driving device 6 during load 
5 driving. 

The reason that the impedance of the resistive 
element (power distributing means) 21 is chosen to be 
higher than about one-tenth of the resistive impedance 
that the driving device 6 provides at the time of 
10 conduction is that with a lower impedance, the power 

distributed to the resistive element 21 would be so small 
that an effective power distribution effect would not be 
q obtained. On the other hand, if the impedance of the 

-3 resistive element 21 were made too high, the power 

m 15 distribution effect would increase but the driving 

waveform would deteriorate; therefore, an appropriate 
f» upper limit value should be determined according to each 

91 individual system (display apparatus, etc.) to which the 

JL driving circuit is applied. Accordingly, for the 

53»KT 

gl 2 0 resistive element 21, it is preferable to use a high- 

power resistor that is inexpensive and reliable, and that 
p has as high a resistance value as possible so that its 

power consumption can be made larger than the power 
consumption of the driving device. 
25 Figure 5 is a block diagram showing a second 

embodiment of the capacitive-load driving circuit 
according to the present invention. 

As shown in Figure 5, in the second embodiment, the 
power distributing means in the foregoing first 
30 embodiment is constructed as a constant-current source 
22. With the driving circuit of the second embodiment, 
the effective value of the current flowing in the driving 
device 6 can be made the smallest under the same driving 
conditions; as a result, theoretically, the power 
35 consumption of the driving circuit 3 can be reduced to 
the lowest value. 

Figure 6 is a circuit diagram showing one example of 
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the constant-current source in the capacitive-load 
driving circuit shown in Figure 5. 

As shown in Figure 6, the constant-current source 22 
comprises an n-channel MOS transistor (nMOS transistor) 
5 221 whose gate-to-source voltage is biased, for example, 
to a constant voltage by a Zener diode 222. As shown, a 
resistor 225 may be connected in series to the source of 
the transistor 221 to compensate for the degradation of 
current accuracy due to device variations existing in the 
10 transistor 221. Further, a resistive element 223 is 

connected between the gate and drain of the transistor 
221 to bias the Zener diode 222. In this embodiment, 
p power is distributed (consumed) by the constant-current 

* 3 source 22 (transistor 221) and heat is generated; in 

15 practice, the constant-current source 22 is constructed 
in IC form and mounted to a heat sink, or the transistor 
g% 221 as a discrete component is mounted to a heat sink. 

3* The constant-current source 22 may be constructed from a 

p single MOS transistor whose gate and source are connected 



H3 20 together. 

m 



pa 



Here, in an application, for example, where power is 
supplied to a plurality of driving circuits 3 (driving 
devices 6) via a plurality of constant-current sources 22 
by using one driving power supply source 1 shown in 
25 Figure 5, a diode 224 may be inserted in series to each 

constant-current source 22 in order to avoid interference 
between the respective driving circuits 3. Further, as 
will be described later, in an application where the 
voltage of the driving power supply source 1 is switched 
30 between different levels, current distributing means can 
be constructed by connecting the constant-current source 
circuits 22 in parallel so that current flows in opposite 
directions in the respective constant-current source 
circuits 22 to each of which the diode 224 is inserted in 
35 series. 

Figure 7 is a block diagram showing a third 
embodiment of the capacitive-load driving circuit 
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according to the present invention, and Figure 8 is a 
diagram for explaining the operation of the driving power 
supply source in the third embodiment shown in Figure 7 . 
The feature of the third embodiment lies in the 
configuration of the driving power supply source. 1, and 
the configuration of the remaining section (the address 
drive IC 3 and the power distributing means 2) is the 
same as that of the driving circuit previously described 
with reference to Figure 3. 

As shown in Figure 7 , the driving power supply 
source 1 comprises voltage sources 10 and 11 and switches 
12 to 14, and the voltage applied to the power supply 
terminal 8 of the address drive IC 3 via the power 
distributing means 2 is changed by selecting (turning on) 
one of the switches 12 to 14. 

The driving power supply source 1 outputs a high- 
level supply voltage V2 when the switch 12 is on, an 
intermediate voltage VI when the switch 13 is on, and a 
ground potential V0 when the switch 14 is on. As shown 
in Figure 8, while retaining the on/off state of the 
driving device 6 , the driving power supply source 1 
raises or lowers its output voltage VD in steps by 
switching the output voltage VD between a plurality of 
voltage values (V0, VI, and V2 ) within the voltage 
amplitude of the drive voltage VC used to drive the 
capacitive load (CL) 5. This serves to reduce the 
amplitude of the drive current and hence the effective 
value of the current, thereby reducing the power 
consumption of the entire driving circuit system 
including the driving power supply source 1. The 
voltages to be selected by the switches in the driving 
power supply source 1 are not limited to the high-level 
supply voltage V2 , low-level supply voltage V0, and 
intermediate-level supply voltage VI; for example, the 
section between the high-level supply voltage V2 and the 
low-level supply voltage V0 may be divided into M equal 
sections, and the output voltage VD may be controlled 
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using M+l switches. In this case, the power consumption 
of the entire driving circuit system can be reduced down 
to 1/M. Furthermore, when a bidirectional device, such 
as a MOSFET with a diode parasitic between its output 
5 terminals, is used as the driving device 6, all the power 
consumption associated with the charging and discharging 
of the load capacitor 5 can be distributed to the power 
distributing means 2. In this case, the power 
consumption in the driving device 7 is negligibly small. 
10 Figure 9 is a block diagram showing a fourth 

embodiment of the capacitive-load driving circuit 
according to the present invention, 
p In the fourth embodiment, the switches 12, 13, and 

14 in the driving power supply source 1 of Figure 7 

if* 

[J1 15 described above are replaced by nMOS transistors 121, 
UJ 131/132, and 141, respectively, whose gate voltages are 

jj* controlled by a driving power control circuit 15, thus 

31 malting the driving power supply source 1 also perform the 

L. function of the power distributing means using the 

03 2 0 constant-current sources as in the second embodiment 



shown in Figure 5. In the fourth embodiment, diodes 130 
and 1301 are connected in series to the drains of the 
transistors 131 and 132 but, instead, these diodes may be 
inserted in series to the sources of the transistors 131 

25 and 132. Further, in Figure 9, the switches in the 

driving power supply source 1 are constructed from nMOS 
transistors, but it will be appreciated that use can also 
be made of other active devices such as pMOS transistors 
or bipolar transistors. 

30 In this way, in the fourth embodiment, nMOS 

transistors (active devices) are used as the switches 
(voltage switching means) in the driving power supply 
source circuit 1, and the control terminals (gates) of 
the active devices are constant-voltage or constant- 

35 current controlled, thereby regulating the output of each 
active device at a constant current level. In this way, 
the power consumption of the entire driving circuit 
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system including the driving circuit 3 can be reduced 
sufficiently, and at the same time, the number of devices 
used can also be reduced. 

Figure 10 is a block diagram showing a fifth 
5 embodiment of the capacitive-load driving circuit 
according to the present invention. 

As shown in Figure 10, in the fifth embodiment, the 
power distributing means 23 is inserted between the 
reference potential point (ground point) 4 and the low- 
10 level voltage supply terminal 9 of the address drive IC 
(driving circuit) 3. 

When driving the voltage of the load capacitor 5 to 
p the potential of the reference potential point (for 

t8 example, ground point) 4, if the power distributing means 

rj 15 23 is inserted in series to the driving device 7 
yj connected between the load capacitor 5 and the reference 

p potential point 4 as illustrated here, the power 

Qi consumption of the driving device 7 can be reduced by 

^ distributing a portion of the power to the power 

gj 2 0 distributing means 23. That is, by distributing a 

portion of the power consumed in the address drive IC 
U (capacitive-load driving circuit) 3 to the power 

H* distributing means 23 for consumption therein, the heat 

sinking structure of the driving circuit 3 can be 
25 simplified and the circuit cost reduced. 

Figure 11 is a block diagram showing a sixth 
embodiment of the capacitive-load driving circuit 
according to the present invention. 

In the sixth embodiment, the power distributing 
3 0 means 2 3 in the fifth embodiment is constructed as a 
resistive element (resistive impedance) 24, as in the 
previously described first embodiment. Here, the 
impedance of the resistive element 24 is chosen to be 
higher than about one-tenth of the resistive impedance 
35 that the driving device 7 provides at the time of 

conduction; as a result, about one-tenth or more of the 
power consumption in the driving device 7 during load 



- 22 - 

driving is distributed to the resistive element 24, 
thereby reducing the power consumption of the driving 
circuit 3. 

Figure 12 is a block diagram showing a seventh 
5 embodiment of the capacitive-load driving circuit 
according to the present invention. 

In the seventh embodiment, the power distributing 
means 23 in the fifth embodiment is constructed as a 
constant-current source 25, as in the previously 
10 described second embodiment. By constructing the power 

distributing means from the constant-current source 25 as 
illustrated here, the effective value of the current 
f*% flowing in the driving device 7 can be made the smallest 

*B under the same driving conditions; as a result, 

i 3 l 15 theoretically, the seventh embodiment can achieve lower 
yj power consumption than any other driving method that uses 

a driving device. 
01 Figure 13 is a block diagram showing an eighth 

L. embodiment of the capacitive-load driving circuit 

Qi 20 according to the present invention. 

\ u In the eighth embodiment, a first power distributing 

•pi means 26 is provided between the driving power supply 

M= source 1 and the high-level voltage supply terminal 8 of 

the driving circuit 3, and a second power distributing 
25 means 27 is provided between the reference potential 

point and the low-level voltage supply terminal 9 of the 
driving circuit 3; further, diodes 60 and 70 are inserted 
between the driving device 6 and a driving terminal 10 
and between the driving terminal 10 and the driving 
30 device 7, respectively. 

In an application where a plurality of load 
capacitors CL (5) are driven using the driving circuit 3 
(when constructed in integrated circuit form), the power 
consumption of the driving circuit 3 can be reduced 
35 sufficiently by inserting the diode 60 or 70 in series 

with at least either one of the driving devices 6 and 7 . 
That is, by eliminating unnecessary output voltage 
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variations using the series-connected diode 60 or 70 , it 
becomes possible to suppress an excess drive current 
flowing into the load capacitor due to the interference 
occurring between the outputs via a common power supply 
5 line or a reference potential line connected to the 

ground, and thus the power consumption of the driving 
circuit 3 can be reduced ♦ Furthermore, since unnecessary 
drive voltage can be prevented from being applied to the 
driving devices in the plasma display apparatus, not only 
10 does the display quality improve, but the drive voltage 
can also be reduced while reducing the drive voltage 
margin . 

p In an application where a plurality of load 

capacitors are driven using the driving circuit 3, when 
y 15 the power distributing means 2 6 and 2 7 are each 

constructed using a resistive impedance (resistive 
element), each resistive element should be chosen to have 
3^ a resistive impedance higher than about one-tenth of the 

conducting resistive impedance of the driving device 6 or 
ffi 2 0 7 divided by the number of output terminals (for example, 

[7 address lines Al to Ad: d=N); by so doing, the power 

p consumption of the driving circuit 3 can be reduced by 

,f * h distributing about one-tenth or more of the power 

consumed in the driving devices 6 and 7 during load 
2 5 driving to the respective resistive elements. 

Here, when the configuration of the driving circuit 
3 is applied to the address driving circuit (102 in 
Figure 1) in the plasma display apparatus, 384 lines 
(N=384) are driven using one driving circuit (address 
30 drive IC) 3. At this time, assuming that the ON 

resistance of the driving device 6 (7) is 200 Q , for 
example, the impedance of the power distributing means 26 
(27) is set higher than about one-tenth of 200 + 384 = 

0.5 [Q], that is, higher than about 0.05 Q. With this 
35 configuration, about one-tenth or more of the power that 

would otherwise be consumed by the address drive IC 3 
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alone is distributed to the power distributing means 26 
(27), thereby reducing a temperature rise in the address 
drive IC 3 . 

Figure 14 is a circuit diagram of a totem-pole type 
5 address drive IC as a ninth embodiment of the capacitive- 
load driving circuit according to the present invention. 

As shown in Figure 14, the ninth embodiment concerns 
an address drive IC 3 for driving, for example, the 
number, d, of address electrodes (Al to Ad) in a plasma 
10 display apparatus, and employs a totem-pole configuration 
using nMOS transistors for both pullup-side driving 
devices 6-1 to 6-d and pulldown-side driving devices 7-1 
to 7-d. The pullup- and pulldown-side driving devices 
S are driven from the drive stages 6 0 and 70, respectively. 

*i 15 When the driving circuit 3 is constructed using the 

W totem-pole configuration as described above, the driving 

circuit (IC) can be constructed at low cost since the 
01 chip area can be reduced by using only nMOS transistors 

^ having a higher current-handling capability than pMOS 

Eg 20 transistors. 

| y Figure 15 is a circuit diagram of a CMOS-type 

,U address drive IC as a 10th embodiment of the capacitive- 

M 5 load driving circuit according to the present invention. 

As shown in Figure 15, the 10th embodiment concerns 
2 5 an address drive IC 3 for driving, for example, the 

number, d, of address electrodes (Al to Ad) in a plasma 
display apparatus, and employs a CMOS configuration using 
pMOS transistors for pullup-side driving devices 60-1 to 
60-d and nMOS transistors for pulldown-side driving 
30 devices 70-1 to 70-d. The pullup- and pulldown-side 

driving devices are driven from the drive stages 600 and 
700 , respectively. 

By constructing the driving circuit 3 using the CMOS 
configuration as described above, the drive power for the 
35 pullup-side driving devices can also be reduced, and the 
rise and fall times of the drive voltage can be reduced 
while retaining good symmetry between them. 
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Figure 16 is a block diagram showing an 11th 
embodiment of the capacitive-load driving circuit 
according to the present invention. 

The 11th embodiment, as in the eighth embodiment, 
5 drives a plurality of load capacitors 5 from one driving 
circuit (drive IC) . The driving circuit is constructed 
at low cost using conventional driver ICs; a driver 
module 36 (driving circuit 3) specifically designed to 
drive multi-terminal capacitive loads, such as those in a 
10 plasma display panel, comprises three integrated circuits 
(driver ICs) 37, 38, and 39. The integrated circuits 37, 
38, and 39 are identical in configuration; the totem-pole 
configuration such as shown in Figure 14 is employed 
here, but the CMOS configuration may be employed instead. 
15 The integrated circuits 37, 38, and 39 receive the output 
voltage of the driving power supply source 1 directly at 
the power supply terminals 84, 85, and 86 of the output 
Qi front stages of the respective ICs, and also receive it 

f,_ at the power supply terminals 81, 82, and 83(8) of the 

m 2 0 respective high-voltage output devices via the power 

distributing means 26. Further, the integrated circuits 
37, 38, and 3 9 receive the voltage of the reference 
potential point 4 directly at the power supply terminals 
94, 95, and 96, and also receive it at the power supply 
25 terminals 91, 92, and 93(9) via the power distributing 
means 27. However, the power supply terminals 84, 85, 
and 86 may be omitted, and the power supply terminals 81, 
82, and 83(8) of the high-voltage output devices may be 
substituted for them, as will be described later with 
30 reference to Figure 17. 

in this way, in the 11th embodiment, by connecting 
the power supply terminal 8 of the driver module 36 to 
the driving power supply source 1 via the power 
distributing means 26, the power consumption of the 
35 driving devices 6-1 to 6-d, etc. within the module is 
distributed to the power distributing means 26 outside 
the module and, by connecting the power supply terminal 9 



of the driver module 36 to the ground potential point 4 
via the power distributing means 27, the power 
consumption of the driving devices 7-1 to 7-d, etc. 
within the module is distributed to the power 
distributing means 2 7 outside the module. With this 
configuration, a temperature rise in the driver module 36 
is reduced and the reliability increased, making it 
possible to reduce the cost involved in removing the 
generated heat and thus reduce the cost of the driver 
module (capacitive-load driving circuit) . 

The reason that the power supply terminals 84, 85, 
and 86 of the integrated circuits 36, 37, and 38 are 
connected to the output of the driving power supply 
source 1 and the power supply terminals 94, 95, and 96 to 
the ground potential point 4 is to control the high- 
voltage output devices 6-1 to 6-d at high speed in the 
respective integrated circuits 36, 37, and 38, and to 
ensure stable application of signal voltages to many 
logic signal input terminals with respect to ground by 
connecting the ground terminals for the low-voltage 
circuits, such as logic circuits, in the respective 
integrated circuits 36, 37, and 38 directly to the 
reference potential point (ground terminal) 4. 

Figure 17 is a block circuit diagram showing one 
example of an integrated circuit forming a driver module 
as a 12th embodiment of the capacitive-load driving 
circuit according to the present invention. 

As shown in Figure 17, the 12th embodiment shows one 
example of the integrated circuit 37 (38, 39) in the 
driver module 36 (3) shown in Figure 16. 

As earlier described, the integrated circuit 37 can 
be constructed as a totem-pole circuit, but in the 12th 
embodiment, the input withstand voltage is increased up 
to the voltage value of the driving power supply source, 
for example, by increasing the gate film thicknesses of 
the output devices 620 and 720 forming the CMOS output 
circuit. These high-voltage (high voltage withstanding) 
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output devices 620 and 720, whose control inputs (gates) 
are controlled by their preceding flip-flop circuits 
constructed from transistors 612 to 624 and 721 to 724, 
respectively, are driven to a full-swing level either at 
5 the drive supply voltage or at the reference voltage 

(ground potential), with this configuration, the high- 
voltage output devices 620 and 720 can be controlled in a 
stable manner even when the potentials at the high-level 
voltage supply terminal 81 and the high-voltage device 
10 reference potential terminal (ground terminal) 91 are 

varied greatly in order to enhance the power consumption 
distributing effect of the power distributing means 2 6 
and 27. 

Devices having a high input withstand voltage are 
15 used as the transistors 620, 621, 622, 721, and 722 in 
W Figure 17 because they are driven to a full-swing level. 

J! Further, the power supply terminal 84 for the circuit 

gi preceding the drive circuit in the front stage of the 

* high-voltage output devices 620 and 720 may be omitted, 

m 2 0 and the power supply line of the front-stage circuit may 
fU be extended, as shown by the dashed line in Figure 17, 

and shared with the high-voltage output devices, to 
M- reduce the number of terminals of the integrated circuit 

37. If the drive mode for turning both output devices 
25 620 and 720 off is not necessary, the flip-flop circuit 
constructed from the transistors 721 to 724 at the front 
stage can be omitted. In that case, the control input 
terminal (gate) of the output device 720 should be 
disconnected from the drain terminal of the transistor 
3 0 72 3 and connected instead to the drain terminal of the 
transistor 623. 

Figure 18 is a block circuit diagram showing another 
example of an integrated circuit forming a driver module 
according to a 13th embodiment of the capacitive-load 
35 driving circuit according to the present invention. 

In the integrated circuit 37 of the 13th embodiment, 
inexpensive devices (transistors) with a low input 



- 28 - 

withstand voltage, and that can be controlled 
sufficiently by a logic power supply 75, are used as the 
high-voltage output devices 71-1 to 71-d. More 
specifically, the integrated circuit 37 has a ground 
terminal 94 and a logic power supply terminal 97 for 
receiving the output of the logic power supply 75, and 
self -biasing is applied to the nMOS transistors 71-1 to 

71- d by the logic voltage outputs of the buffers 72-1 to 

72- d and the voltage drop occurring across the power 
distributing means 27. The transistors 61-1 to 61-d are 
not limited to nMOS transistors, but it will be 
appreciated that they may be constructed from pMOS 
transistors or bipolar transistors. 

Figure 19 is a block circuit diagram showing still 
another example of an integrated circuit forming a driver 
module according to a 14th embodiment of the capacitive- 
load driving circuit according to the present invention. 

Compared with the integrated circuit 37 of the 11th 
embodiment shown in Figure 16, the integrated circuit 37 
of the 13th embodiment further increases the power 
distribution efficiency and reduces the power consumption 
of the driving devices by providing at least a switch 
device 451 between the driving power supply source 1 and 
the power distributing means 26 or a switch device 481 
between the reference potential point 4 and the power 
distributing means 27. That is, after the driving 
devices 6-1 to 6-d and 7-1 to 7-d have been completely 
switched into a conducting state, the switch devices 451 
and 481 are caused to conduct, thereby avoiding 
degradation of the power distributing effect when 
impedance is not lowered after starting the driving 
devices to conduct. Furthermore, in the 14th embodiment, 
the switch devices 451 and 481 also act to effectively 
distribute power. 

As described above, according to the embodiments of 
the present invention, there is achieved a capacitive- 
load driving circuit, in particular, a driving circuit 
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for a plasma display apparatus, in which the power 
consumption of the driving circuit itself is reduced by 
distributing the power consumption associated with the 
capacitive component of the load to the power 
5 distributing means. The invention can thus alleviate the 
temperature-rise problem occurring, for example, in a 40- 
inch or larger plasma display apparatus having large load 
capacitance, a high-resolution plasma display apparatus 
having a high drive pulse rate, such as SVGA (800 x 600 
10 dots), XGA (1024 x 768 dots), or even SXGA (1280 x 1024), 
or a high-brightness high-grayscale plasma display 
apparatus for TV or HDTV, and can promote a compact and 
4? low-power design for such display apparatuses. This also 

ig serves to suppress the increase in power consumption that 

15 occurs when the drive pulse rate is increased to cope 

p with false contours in moving images. 

3 1 Figure 20 is a block diagram schematically showing a 

" s three-electrode surface-discharge AC plasma display 

Q panel, and Figure 21 is a cross-sectional view for 

20 explaining the electrode structure in the plasma display 
M, panel shown in Figure 20. In Figures 20 and 21, 

f* J reference numeral 207 is a discharge cell (display cell), 

210 is a back glass substrate, 211 and 221 are dielectric 
layers, 212 is a phosphor, 213 is a barrier wall, 214 is 
25 an address electrode (Al-Ad), 220 is a front glass 
substrate, and 222 is an X electrode (Xl-XL) or Y 
electrode ( Yl-YL ) . Reference numeral Ca indicates 
capacitance between adjacent address electrodes, and Cg 
denotes capacitance between counter electrodes (X and Y 
30 electrodes) for an address electrode. 

The plasma display panel 201 comprises two glass 
substrates, the back glass substrate 210 and the front 
glass substrate 220, and on the front glass substrate 220 
are formed the X electrodes (XI, X2 , XL) and Y 

35 electrodes (scanning electrodes Yl, Y2 , YL) composed 

of transparent electrodes and bus electrodes as sustain 
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electrodes . 

On the back glass substrate 210 are formed the 
address electrodes (Al, A2 , . .., Ad) in such a manner as 
to intersect at right angles to the sustain electrodes (X 
5 electrodes and Y electrodes) 222, and each display cell 
207, which produces light by an electrical discharge 
between electrodes, is formed in a region flanked by the 
sustain electrodes with the same number (Yl and XI, Y2 
and X2 , etc,) and located where the sustain electrodes 
10 intersect the address electrode. 

Figure 22 is a block diagram showing the entire 
configuration of the plasma display apparatus using the 
^ plasma display panel shown in Figure 20; essential parts 

J| of the driving circuits for the display panel are shown 

«- 5 15 here. 

y As shown in Figure 22, the three-electrode surface- 

tl discharge AC plasma display apparatus comprises: a 

9 3 

display panel 201; a control circuit 205 for creating, 
« from externally applied interface signals, control 

q~ 2 0 signals for controlling the display panel driving 

PJ circuits; and the driving circuits consisting of an X 

^ common driver (X-electrode driving circuit) 206, scanning 

JI electrode driving circuit (scan driver) 203, Y common 

driver 204, and address electrode driving circuit 
25 (address driver) 202 for driving the panel electrodes in 

accordance with the control signals supplied from the 
control circuit 205. 

The X common driver 206 generates a sustain voltage 
pulse, the Y common driver 204 also generates a sustain 
30 voltage pulse, and the scan driver 203 drives the 

scanning electrodes (Yl to YL) independently of each 
other by scanning from one electrode to the next. The 
address driver 202 applies an address voltage pulse to 
each address electrode (Al to Ad) in accordance with 
35 display data. 

The control circuit 205 contains a display data 
controller 251 which receives a clock CLK and display 
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data DATA and supplies an address control signal to the 
address driver 202, a scan driver controller 253 which 
receives a vertical synchronization signal Vsync and 
horizontal synchronization signal Hsync and controls the 
5 scan driver, and a common driver controller 254 which 

controls the common drivers (X common driver 2 06 and Y 
common driver 204). The display data controller 251 
includes a frame memory 252. 

Figure 2 3 is a diagram showing examples of drive 

10 waveforms for the plasma display apparatus shown in 
Figure 22; the diagram schematically illustrates the 
voltage waveforms applied to the respective electrodes 
during a full-screen write period (FULL-SCREEN W) , a 
full-screen erase period (FULL-SCREEN E), an address 

15 period (ADD), and a sustain period (sustain discharge 
period: SUS ) . 

In Figure 23, the drive periods directly related to 
the creation of an image display are the address period 
ADD and the sustain period SUS, and an image display with 

2 0 predetermined brightness is produced by selecting display 
pixels during the address period ADD and sustaining the 
glowing state of the selected pixels during the 
succeeding sustain period. Shown in Figure 23 are the 
drive waveforms for one subframe when one frame is 

25 constituted of a plurality of subframes (subfields). 

First, in the address period, an intermediate 
voltage -Vmy is applied simultaneously to all the Y 
electrodes (Yl to YL), i.e., the scanning electrodes, and 
then, a scanning voltage pulse of -Vy level is applied in 

30 sequence from one electrode to the next. When the 

scanning pulse is being applied to each Y electrode, an 
address pulse of +Va level is applied to selected address 
electrodes (Al to Ad) thereby selecting pixels on that 
scanning line. 

35 In the succeeding sustain period, a common sustain 

voltage pulse of +vs level is applied to all the scanning 
electrodes (Yl to YL) and X-electrodes (XI to XL) in 
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alternating fashion, to sustain the glowing state of the 
selected pixels, and a display with predetermined 
brightness is produced by repeating this pulse 
application. Furthermore, grayscale representing the 
5 lightness and darkness of the image can be reproduced by 

controlling the number of emissions by combining the 
above series of basic drive waveform application 
operations . 

The full-screen write period is initiated at 
10 predetermined intervals of time to apply a write voltage 
pulse to all the display cells of the panel in order to 
activate the display cells and maintain the display 
m characteristic uniform. The full-screen erase period is 

a period for applying an erasure voltage pulse to all the 
fl 15 display cells of the panel and thereby erasing the 
i7i previous display content before initiating a new cycle of 

M 5 the address and sustain operations to produce an image 

CP 

m display. 

£ Figure 2 4 is a block circuit diagram showing one 

2 0 example of an IC used in the plasma display apparatus 
fy shown in Figure 22. 

^ For example, when the number of address electrodes 

: ui (Al to Ad) on the display panel is 2560, a total of 40 

drive ICs are used, since usually, 64-bit output drive 
25 ICs are connected to the address electrodes. Generally, 

these 40 drive ICs are packaged in modules each 

containing a plurality of drive ICs. 

Figure 24 shows the internal circuit configuration 

of a drive IC chip containing output circuits (234: OUT1 
30 to OUT64) for 64 bits. Each output circuit 234 includes 

push-pull FETs 2341 and 2342 in the final output stage, 

connected between a high-voltage power supply line VH and 

a ground line GND. This drive IC further contains a 

logic circuit 233 for controlling the two FETs in each 
35 output circuit, a shift register circuit 231 for 

selecting the output circuits of 64 bits, and a latch 

circuit 232. 



The control signals consist of a clock signal CLOCK 
and data signals DATA1 to DATA 4 are sent to the shift 
register 231, a latch signal LATCH to the latch circuit 
232, and a strobe signal STB for controlling the gate 
circuits . In Figure 24, the final output stage is 
constructed in a CMOS configuration (2341, 2342), but a 
totem-pole configuration using MOSFETs of the same 
polarity can also be employed. 

An example of a mounting method for the above drive 
IC chip will be described below. 

For example, the drive IC chip is mounted on a rigid 
printed-circuit board, and the power supply, signal, and 
output pad terminals on the drive IC chip are connected 
by wire bonding to the corresponding terminals on the 
printed-circuit board . 

Output wiring lines from the IC chip are brought out 
to the edges of the printed-circuit board, and output 
terminals are formed, which are then connected by thermo- 
compression to a flexible board having similar terminals, 
thus forming one module. Terminals for connecting to the 
panel display electrodes are formed at the front edge of 
the flexible board, and these terminals are connected to 
the panel display electrodes by means such as thermo- 
compression . 

The drive terminals of all the electrodes, except 
the dummy loads at the panel edge, are DC isolated from 
circuit ground, and capacitive impedance is dominant as 
the load for the driving circuit. As a technique for 
achieving power reduction in a pulsed capacitive-load 
driving circuit, it is known to provide a power recovery 
circuit that utilizes a phenomenon of resonance for 
energy transfer between load capacitance and inductance. 
One example of the power recovery technique suitable for 
a driving circuit where the load capacitance varies 
greatly for driving each individual load electrode by a 
mutually independent voltage in accordance with display 
image, as in an address electrode driving circuit, is the 
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low power driving circuit disclosed in Japanese 
Unexamined Patent Publication No. 5-249916 and described 
earlier with reference to Figure 2. 

Figure 25 is a block diagram showing a 15th 
embodiment of the capacitive-load driving circuit 
according to the present invention. In Figure 25, 
reference numeral 1 is a driving power supply source, 51 
is a resistive impedance (distributed resistor), 3 is an 
address drive IC, 4 is a reference potential point 
(ground point), 5 is a load capacitor, 6 and 7 are 
driving devices, 8 and 9 are a power supply terminal and 
a reference potential terminal (ground terminal), 
respectively, of the address drive IC, and 10 is an 
output terminal of the address drive IC. Reference 
character RL shows the value of the end-to-end resistance 
of the distributed resistor 51, and Ra indicates the 
effective electrode resistance value of the distributed 
resistor 51. 

As shown in Figure 25, in the capacitive-load 
driving circuit of the 15th embodiment, the distributed 
resistor (resistive impedance) 51 is connected to the 
output terminal 10. 

For the driving electrodes of the plasma display 
panel (PDP), the parasitic capacitance and parasitic 
resistance forming the load are not concentrated, but are 
distributed, and the current that flows when driving the 
load capacitor 5 of capacitance value CL in the voltage 
increasing direction flows from the driving power supply 
source 1 through the driving device 6 in the driving 
circuit 3 into the distributed resistor 51 exhibiting a 
resistance value of Ra. On the other hand, the current 
that flows when driving the load capacitor 5 in the 
voltage falling direction flows via the driving device 7 
into the reference potential point 4. That is, in either 
case, the drive current always passes through the 
distributed resistor 51 and flows via the conducting 
impedance of the driving device 6 or 7 . In the 
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capacitive-load driving circuit of the 15th embodiment , 
the electrode resistance value Ra of the distributed 
resistor 51 is chosen to be large enough that its 
resistance value cannot be ignored, that is, effectively 
5 higher than one-tenth of the resistive component of the 
conducting impedance of at least one of the driving 
devices 6 and 7. If it is assumed that the resistance 
value between the ends of the distributed resistor 51 is 
RL, and that the current leaks evenly into the parasitic 

10 capacitance from the output terminal 10 side of the 
driving circuit 3 and becomes zero at the end of the 
electrode, then the effective electrode resistance value 
Ra is one-third of the end-to-end resistance value RL. 
The current that flows when driving the load 

15 capacitor 5 in the voltage rising direction flows from 
the driving power supply source 1 , where the load is 
distributed, to the load capacitor 5 via the driving 
device 6 and distributed resistor 51. At this time, the 
power consumption is distributed in accordance with the 

20 ratio between the effective electrode resistance value Ra 
and the resistive impedance of the driving device 6. 
Likewise, when driving the load capacitor 5 in the 
voltage falling direction, the power consumption is 
distributed in accordance with the ratio between the 

25 effective electrode resistance value Ra and the resistive 
impedance of the driving device 7. Here, if it is 
possible to insert a resistive member in series in the 
path of the drive current flowing to the capacitor part 
(5), the resistive member can, of course, be inserted 

30 between the capacitor part and the output terminal 10 of 
the driving circuit 3 or be connected to the output 
terminal 10 of the driving circuit via the capacitor 
part . 

Unlike the case that employs the prior known power 
35 recovery method utilizing a phenomenon of resonance, the 
power reducing effect in the above driving circuit 3 does 
not degrade even if the load capacitor 5 or the driving 



• 



- 36 - 

speed is increased . Thus, the capacitive-load driving 
circuit of the 15th embodiment can reduce the power 
consumed in the driving circuit (drive IC) 3, making it 
possible to simplify the heat sinking structure of the 
5 driving circuit 3 and reduce the cost of the circuit. 

A flat panel display apparatus and, in particular, a 
plasma display apparatus whose trend is toward a larger- 
screen and higher-resolution display and whose drive 
voltage is high, requires the use of many load capacitors 

10 and many display panel driving circuits operating at high 

driving speed; therefore, when the 15th embodiment is 
applied to such display apparatus, the cost of the 
driving circuits and their heat removal mechanism can be 
drastically reduced. More specifically, in a plasma 

15 display apparatus, since high-voltage LSIs have to be 
mounted in a very limited space, the proportion of the 
cost of the driving circuits and their heat removal 
mechanism to the total cost of the display apparatus is 
relatively high; therefore, if the power consumption 

20 (heat generation) in each driving circuit is distributed 

by applying the present embodiment, the cost of the 
driving circuit and its heat removal mechanism can be 
drastically reduced. The power reducing effect in the 
driving circuit can also be achieved when the driving 

25 circuit 3 is implemented as an integrated circuit for 
driving a plurality of load capacitors. 

Figure 26 is a block diagram showing a 16th 
embodiment of the capacitive-load driving circuit 
according to the present invention. In Figure 26, 

30 reference numeral 50 indicates an inductive load. 

As is apparent from a comparison between Figure 25 
and Figure 26, the capacitive load 5 in the 15th 
embodiment shown in Figure 25 is replaced by the 
inductive load 50 in the 16th embodiment. The resistive 

35 impedance 51 is provided for the output terminal 10 of 

the driving circuit 3; therefore, the configuration can 
be applied not only to the driving circuit for driving 
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the capacitive load 5 but also to the driving circuit for 
driving the inductive load 50. Examples of the inductive 
load 50 include deflection coils used in a television 
receiver or an oscilloscope for deflecting electron beams 
in a cathode-ray tube, and coils used in a speaker, 
motor, actuator, etc. When driving such inductive loads, 
if the resistor 51 is inserted in series that provides an 
effective resistance value higher than one-tenth of the 
conducting impedance of at least one of the driving 
devices 6 and 7 by increasing the coil winding resistance 
or by inserting a series resistor, the power consumption 
(heat generation) of the driving circuit 3 can be reduced 
by distributing the power. 

Figure 27 is a circuit diagram of a CMOS-type 
address drive IC as a 17th embodiment of the capacitive- 
load driving circuit according to the present invention. 
The driving circuit (address drive IC) 3 in the 
capacitive-load driving circuit of the 17th embodiment is 
the same as that shown in Figure 15. 

As sho^n in Figure 27, in the 17th embodiment, the 
present invention is applied to the address drive IC 3 
for driving! for example, the number, d, address lines 
(Al to Ad) Jn a plasma display apparatus, and the drive 
IC itself ia identical in configuration to that shown in 
Figure 15. that is, the drive IC 3 employs a CMOS 
configuration using pMOS transistors for pullup-side 
driving deviees 60-1 to 60-d and nMOS transistors for 
pulldown-sidl driving devices 70-1 to 70-d, and the 
pullup- and raulldown-side driving devices are driven from 
the driving stages 600 and 700, respectively. 

Distributed resistors 51, 51, 51, each similar 

to the one described with reference to Figure 25, are 
provided for the output terminals 10, 10, 10 
connected to the respective pullup/pulldown driving 
device pairs 60-1/70-1, 60-2/70-2, 60-d/70-d, 
thereby reducing the power consumption in the drive IC 3 
and hence suppressing temperature rise in the drive IC. 
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Figure 2 7 has shown the CMOS-type address drive IC, but 
it will be appreciated that the present invention can 
also be applied to a totem-pole type driving circuit 
using MOS transistors (NMOS transistors) of the same 
5 polarity, as previously shown in Figure 14. Further , in 
Figure 27, only the capacitance Cg between counter 
electrodes, previously illustrated in Figure 21, has been 
shown as the load capacitance 5 by assuming the case 
where the drive voltage is the same between adjacent 
10 electrodes, but it will be recognized that in the case 
where the drive voltage is different between adjacent 
electrodes, for example, the load capacitance (CL) is the 
sum of the counter electrode capacitance Cg and the 
adjacent electrode capacitance Ca not shown. In that 
f{ 15 case, the maximum value of the effective series 
hi resistance Ra is 2/3RL, that is, the combined effective 

^ resistance of the adjacent electrodes. 

Si 

pi Figures 2 8A and 2 8B are cross-sectional views each 

£ showing an address electrode in a plasma display panel to 

n 

J; 2 0 which the capacitive-load driving circuit according to 
the present invention is applied: Figure 2 8A shows an 
example of an electrode formed from a single material, 
and Figure 28B shows an example of an electrode formed 
from a composite material. In Figure 28A, reference 
25 numeral 210 is a back glass substrate, 211 is a 

dielectric layer, and 2140 is a metal layer. In Figure 
28B, reference numeral 2141 is a contact material layer, 
2142 is a main material layer, and 2143 is an exposed 
layer . 

30 When the electrode is formed from a single material 

as shown in Figure 28A, to increase the value RL of the 
distributed resistor (51) to the desired resistance value 
the cross-sectional area of the electrode is reduced by 
reducing either the thickness or width of the metal layer 
35 2140 forming the electrode. Silver, chrome, or other 
material that provides good adhesion to the back glass 
substrate 210 and the dielectric layer 211, and that has 



excellent processability and excellent weatherability 
when exposed, is advantageous in terms of cost, and has 
excellent reliability, can be used for the metal layer 
2140. Here, reduced thickness of the electrode means 
that the etching performed when patterning the electrode 
can be accomplished in a shorter time; hence, the 
manufacturing time can be shortened. This also offers 
the advantage of being able to reduce the cost since the 
materials used, such as the electrode material and 
etchant, can be reduced. 

When the electrode is formed from a composite 
material as shown in Figure 2 8B, to increase the value RL 
of the distributed resistor (51) to the desired 
resistance value the cross-sectional area may be reduced, 
as in the single material case described above (for 
example, by reducing the thickness of the main material 
layer 2142 that greatly contributes to the resistance of 
the electrode), but if the conditions permit, the main 
material layer 2142 itself can be omitted in its 
entirety. Here, copper or other material that offers 
advantages in terms of electrode resistance control, 
processability, and cost is used for the main material 
layer 2142, and chrome or other material that provides 
good adhesion to the back glass substrate 210 and the 
main material 2142, is advantageous in terms of cost, and 
has excellent reliability, is used for the contact 
material layer 2141, while chrome or other material that 
provides good adhesion to the main material 2142 and the 
dielectric layer, and that has excellent weatherability 
when exposed, is advantageous in terms of cost, and has 
excellent reliability, is used for the exposed layer 
2143. The main material layer 2142 of copper or the like 
is formed, for example, by sputtering, and reduced 
thickness of this main material layer 2142 directly leads 
to the shortening of the time required for the 
sputtering; furthermore, omission of the main material 
layer 2142 means omitting the manufacturing step for that 
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layer, and thus contributes to shortening the 
manufacturing time and reducing the cost* 

Figure 2 9 is a block diagram showing an 18th 
embodiment of the capacitive-load driving circuit 
5 according to the present invention , in which the power 
distributing means 2 shown in Figure 3, for example, is 
applied to the 15th embodiment shown in Figure 25. 

The power distributing means 2, etc. shown here can 
be implemented in various configurations as explained, 
10 for example, with reference to Figures 4 to 19; in that 
case, the power consumption distribution effect for the 
driving circuit 3, achieved in each configuration, can be 
□ obtained in addition to the effect achieved in the 15th 

^ embodiment . 

yj 15 As described in detail above, the present invention 

achieves a capacitive-load driving circuit capable of 
distributing temperature rise (power consumption) in a 
£fi circuit that drives a capacitive load, and a plasma 

display apparatus using such a driving circuit. 
Q] 2 0 Many different embodiments of the present invention 

; H f may be constructed without departing from the spirit and 

p scope of the present invention, and it should be 

understood that the present invention is not limited to 
the specific embodiments described in this 
25 specification, except as defined in the appended claims. 



